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(54) CHEMICAL VAPOR DEPOSITION METHOD AND CHEMICAL VAPOR DEPOSITION 
APPARATUS 



(57) A method for chemical vapor deposition for pro- 
ducing a thin film. The method includes the steps of: 
introducing a reactive gas into a reaction chamber 
wherein a substrate is supported in the reaction cham- 
ber; combining charged particles with a component of 
the reactive gas for ionizing the component; and electro- 
statically depositing the ionized component onto the 



substrate in an electric field. Charged particles may be 
photoelectrons or positive or negative ions produced by 
discharge. The reactive gas may be solely an ingredient 
gas containing a component for a thin film or a mixture 
of the ingredient gas and an oxidizing or reducing gas. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method for chemical vapor deposition and particularly relates to a method 
and an apparatus for producing a thin film by vapor deposition on a surface of a high technology product such as sem- 
iconductor, liquid crystal, precision instrument in a process lor producing the product 

BACKGROUND OF THE INVENTION 

[0002] In a process for producing a semiconductor, particles are generated in a step of producing a thin film onto a 
surface of a substrate by CVD. The particles refer to particulate materials which have non-uniform diameters, and which 
are made by interacting components tor thin films with accompanying impurities in a reaction chamber of the CVD 
apparatus and aggregating the reactants. The particles are contaminants to the thin film and a main factor to reduce a 
yield of the product Recently, as semiconductor circuits are becoming f iner and finer, a size of particulates that may act 
as contaminants is getting smaller and smaller. Pattern sizes of 64M DRAM, 256M DRAM. 1G DRAM and 1T DRAM 
are about 0.35 jim, about 0.25 urn, about 0. 1 8 urn, about 0.09 urn. and about 0.03 urn, respectively. It is considered that 
particulates having sizes not less than one tenth of the pattern size should be removed as contaminants. Highly reactive 
materials are frequently used as ingredient gases, and such materiaJs are prone to generate particles. Therefore, a 
CVD apparatus is sometimes called "an apparatus for generating trash." 

[0003] Conventionally, an amount of ingredient gases and temperatures are adjusted to decrease a rate of producing 
a thin film, thereby preventing particles from generating. However, the decreased rate of producing a thin fOm reduces 
an output of semiconductor products. Alternatively, since particles falls by gravitational force in the reaction chamber, a 
surface of the wafer which a thin film is formed onto may be arranged to face down. Alternatively, thermal migration or 
temperature fluctuations are generated in the reaction chamber so as to decrease an amount of particles accumulated 
onto a wafer. Although these processes are effective to decrease an amount of particles accumulated to a certain 
extent, these process may not produce a sufficient result. 

[0004] A conventional CVD apparatus transfers a component for a thin film by molecular diffusion or thermal diffusion 
to a substrate and deposit thereon. However, the conventional CVD apparatus has a problem that a rate of producing 
a thin film is slow and that an amount of the deposition is small. 

[0005] An example for generating particles is described in a vapor deposition step using a plasma CVD apparatus. 
Fig. 13 is a schematic view of a plasma CVD apparatus. The apparatus is used to produce an $K) 2 film onto a surface 
of a wafer 6 using an SiH 4 gas as reactants. A pressure in a reaction chamber 21 is reduced by a vacuum pump 22. 
Subsequently, reactive gases namely an SiH 4 gas serving as an ingredient gas and an N 2 0 gas serving as an oxidative 
gas are mixed together by a mass flow controller 23, and then introduced into the reaction chamber 21 . The pressure 
in reaction chamber 21 is kept constant by a pressure adjusting valve 24. The wafer 6 is heated by a heater 26. which 
is provided inside a support 1 3 for a wafer, to a constant temperature. 

[0006] A high frequency voltage is applied to an upper electrode 29 and the support 13 for a wafer by an electric 
source 28 to generate plasma in a space therebetween so that SiH 4 radicals, SiH 4 + ions, N 2 0 radicals and O z " ions are 
present in the space. When these radicals and ions reach to a surface of the wafer 6, upon receiving thermal energy, 
an Si0 2 film is formed. 

[0007] These radicals and ions, however, have high activity and interact with reaction products and accompanying 
impurities to give particles. Thermal energy reaches to a sidewall of the reaction chamber by thermal radiation; and 
therefore an Si0 2 film is formed onto the sidewall also. Furthermore, SiH 3 - ions, SiHf* ions, NO molecules and so on 
secondarily generate, and therefore there is a problem that quality of the film may not be uniform. 
[0008] In view of the foregoing, it is an object of the present invention to provide a method and an apparatus for chem- 
ical vapor deposition which enable to produce a uniform film by preventing the generation of particles in the step of pro- 
ducing a thin film onto a surface of a substrate and which enable to form the thin film at a higher rate. 

SUMMARY OF THE INVENTION 

[0009] According to the present invention, there is provided a method for producing a thin film, which comprises the 
steps of: introducing a reactive gas into a reaction chamber wherein a substrate is supported in the reaction chamber; 
combining charged particles with a component of the reactive gas for ionizing the component; and electrostatically 
depositing the ionized component onto the substrate in an electric field. Preferably, the charged particles are photoelec- 
trons or positive or negative ions produced by corona discharge, surface discharge or pulse discharge. Namely, in the 
present invention, ionization of a component constituting the reactive gas is conducted by using photoelectrons or ions, 
which may be refened to as charged particles. The reactive gas may be solely an ingredient gas containing a compo- 
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nent for a thin film or a mixture of the ingredient gas and an oxidizing or reducing gas. 

[0010J An apparatus for chemical vapor deposition, which carries out the aforementioned process, comprises: a reac- 
tion chamber including a support for a substrate; means for introducing a reactive gas containing a component for a thin 
film into the reaction chamber; means for discharging the reactive gas that passes through the reaction chamber; ion- 
s izing means for ionizing a component constituting the reactive gas; and means for forming an electric field in the reac- 
tion chamber so that the ionized component for a thin f am is electrostatically deposited onto the substrata Preferably, 
the ionizing means is means for producing photoelectrons or means for producing ions by electric discharge. Preferably! 
the ionizing means is provided in a passage for introducing the reactive gas into the reaction chamber. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] 

Figs. 1 to 6 are schematic views showing CVD apparatuses having means tor producing photoelectrons in accord- 
's ance with the present invention. 

Figs. 7 to 10 are schematic views showing CVD apparatuses having means for producing ions by corona discharge 
in accordance with the present invention. 

Fig. 1 1 is a graph showing results of determining a rate of producing a thin film in accordance with applied voltages 
using the apparatus of Fig. 2. 

20 Rg. 1 2 is a graph showing results of determining a rate of producing a thin film in accordance with applied voltages 
using the apparatus of Rg. 10. 

Rg. 1 3 is a schematic view showing a conventional CVD apparatus. 
PREFERRED EMBODIMENTS OF THE INVENTION 

25 

[001 2] Preferred embodiments for carrying out the present invention are illustrated as follows. 

[001 3] Rg. 1 schematically shows an ambient-pressure CVD apparatus for forming an insulating film for an integrated 

circuit. The apparatus is used for forming an SKD 2 film onto a substrate using TEOS (tetraethyforothosilicate 

Si(OC2H 5 ) 4 ). 

30 [0014] In Rg. 1 , TEOS 2, which serves as a component for a thin film, along with He, which serves as a carrier gas, 
is introduced into an inlet of a CVD apparatus 1 . A mechanism A for charging particles is provided in a passage. The 
mechanism A includes a photoelectron emitter 8, an ultraviolet lamp 9 and an electrode 10. An electric voltage is 
applied between the photoelectron emitter 8 and the electrode 10 to form an electric field in the passage. An ultraviolet 
ray from the ultraviolet lamp 9 is irradiated onto the photoelectron emitter 8 in the electric field to emits photoelectrons. 
35 Preferably, a reflection surface 1 2 is provided in a neighborhood of the ultraviolet lamp 9, thereby increasing an irradia- 
tion efficiency of the ultraviolet ray onto the photoelectron emitter. As a result, photoelectrons efficiently emit from the 
photoelectron emitter 8. Photoelectrons 1 1 are combined with TEOS molecules to produce TEOS ions 3. In an alterna- 
tive process, photoelectrons may combine with electrophilic materials such as 0 2 and H2O being present in the pas- 
sage to produce negative ions, and the negative ions may combine with TEOS molecules to produce TEOS ions 3. 
40 [001 5] TEOS ions 3 intersect a flow of ozone 4, which is introduced from another inlet, in the reaction chamber 21 . 
The TEOS ions 3 are oxidized by the ozone 4 to produce an oligomer or a gaseous intermediate of TEOS. The oligomer 
14 has TEOS ions as nuclei and thus has electric charges. Electrodes 51, 52, which have plate like configurations, are 
disposed in an upper portion and a lower portion of the reaction chamber 21 to form an electric field in the reaction 
chamber, and a support 13 for a wafer and a wafer 6 are disposed on the positive electrode 52. Therefore, the oligomer 
45 1 4 moves into a surface of the wafer 6 as shown by arrows, and electrostatically deposit onto the surface thereof. 
[0016] Subsequently the oligomer is further oxidized by the ozone at the surface of the wafer to form an Si0 2 film. 
[001 7] Numerals 71 and 72 refer to kilns for accelerating a reaction of TEOS with ozone in the reaction chamber. After 
contributing to the reaction the TEOS and ozone are discharged to an outside of the apparatus 1 as shown by arrow 1 5. 
[0018] Not the component for a thin film (TEOS in this case) but the ozone may be introduced into the passage where 
so the photoelectron emitter 8 is provided (the upper passage in Rg. 1), and the component for a thin f flm may be intro- 
duced into a passage where the photoelectron emitter 8 is not provided (the lower passage in Fig. 1). In this case; pho- 
toelectrons 1 1 are combined with the ozone to produce ozone Ions. The ozone ions intersect a flow of TEOS in the 
reaction chamber 21. The TEOS is not only oxidized but also ionized by the ozone ions to produce an oligomer 14 of 
TEOS. The oligomer 1 4 is electrostatically deposited onto the surface of the wafer. 
55 [001 9] A method for ionizing particulates by photoelectrons has been proposed by the present inventors in JP-B-3- 
5859, JP-B-7-93098, JP-A-2-303557, JP-A-3-108698 and JP-A-4-243540, all of which are incorporated herein as ref- 
erences, and the method may be applied to the step of ionizing the component of the reactive gas by photoelectrons in 
accordance with the present invention. 
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[0020] Any materia) that emits photoelectrons upon irradiation of an ultraviolet ray may be used as a photoelectron 
emitter 8. However, a material having a small photoelectronical work function is preferable. In view of effect and econ- 
omy, the material for the photoelectron emitter may include be one of the elements of Ba, Sr, Ca, Y, Gd, La, Ce, Nd, Th, 
Pr, Be. Zr. Fe. Ni, Zn, Cu. Ag, Pt, Cd, Pb. Al, C. Mg, Au. In, Bi, Nt* Si, Ti, Ta, U, B, Eu. Sn, P. and W; a compound or an 
5 alloy of these elements; or a mixture of the elements, the compound and/or the alloy. The material may consist essen- 
tially one of the species or a combination of at least two species. 

[0021 ] A compound in use for the photoelectron emitter 8 includes oxides, borides, and carbides. The oxides include 
BaO. SrO. CaO. Y 2 0 5 , Gd^ Nd^, Th0 2 . ZrOz, FegQj, ZnO, CuO. AggO. la^. PtO. PbO. Al^. MgO. fr^. 
BiO. NbO, BeO and so on. The borides include YBg, GdBg, LaB 5 , NdB* CeBg, EuBg, PrBg, ZrBj, and so on. The car- 

10 bides include UC. ZrC, TaC, TiC. NbC. WC and so on. 

[0022] Oxides may be obtained by a process for heating only surfaces of a metal in air or a process for oxidizing the 
metal by a chemical. The metal may be heated prior to its use, thereby producing an oxide layer in a surface, which is 
stable over a long period of time. For example, an Ag-Mg alloy may be exposed to steam at 300 to 400°C to produce 
an oxide film onto its surface, and the oxide film is stable over a long period of time. 

15 [0023] An alloy, which may be used as the photoelectron emitter 8, includes brass, bronze, phosphorus bronze, an 
Ag-Mg alloy (Mg: 2 to 20 percent by weight), a Cu-Be alloy (Be: 1 to 1 0 percent by weight), a Ba-AI alloy and so on. The 
Ag-Mg alloy, the Cu-Be alloy and the Ba-AI alloy are specially preferred among these. 

[0024] As the present inventor has proposed in JP-A-3-1 08698, a multiple layered structure having a plurality of pho- 
toelectron emitters may be used. 
20 [0025] A material being capable of emitting photoelectrons may be provided onto a suitable substrate to produce a 
photoelectron emitter. For example, a thin film of Au may be provided onto a substrate of quartz glass that transmits an 
ultraviolet ray (JP-B-7-93098). In this case, an electrically conductive material may be further provided (JP-A-5-68875). 
The photoelectron emitter 8 in Fig. 1 has a glass and a thin film of Au is coated thereon. 

[0026] Preferably, the photoelectron emitter 8 has configurations having a large area fa ultraviolet radiation. For 
2S example, the configurations include bar-like, cotton-like, grid-like, plate-like, pleat-like, curved-surface-like, cylinder-like, 
mire-netting-like configurations and so on. 

[0027] The photoelectron emitter in a thin film may be coated onto a surface of an ultraviolet source, such as an ultra- 
violet lamp to integrate thereof (JP-A-4-24354). Alternatively, the photoelectron emitter may be disposed in a neighbor- 
hood of the ultraviolet lamp. 

30 [0028] An irradiating ray for emitting photoei ectrons from the photoelectron emitter includes an ultraviolet ray. an elec- 
tromagnetic wave, a laser, a radiation and so on. In view of operatability and effect, an ultraviolet ray is preferred. A 
source for an ultraviolet ray includes a mercury lamp, a hydrogen-discharge tube, a Xenon-discharge lamp, a Lyman- 
discharge tube, and so on. 

[0029] The electrode 10 is used to irradiate an ultraviolet ray onto the photoelectron emitter in an electric field. Any 
35 electrically conductive material may be used as the electrode, and any electrode material for known apparatuses for 
charging particles may be used. The electrode in Fig. 1 has a bar configuration. However, the electrode may have plate 
like configurations or mire netting like configurations. Preferably, a voltage for the electric field is adjusted to 0.1 V/cm 
to2kV/cm. 

[0030] Other electrodes 51 , 52 are used to move an oligomer of TEOS, which is ionized by photoelectrons and then 

40 oxidized by ozone, to a wafer in an electric field, and to electrostatically deposit the oligomer thereon. The wafer is dis- 
posed between a pair of the electrodes 51 . 52, and applying a voltage between the electrodes forms an electric field. 
Preferably, a voltage for the electric field is adjusted to 1 0 V/cm to 2 k V/cm . Any electrically conductive material may be 
used as the electrode, and any electrode material tor known apparatuses tor charging particles may be used. The elec- 
trode may have plate-like configurations, bar-like configurations, mire-netting-like configurations, and so on. 

45 [0031] Fig. 2 shows another embodiment of a CVD apparatus in accordance with the present invention. Ozone 4, 
which serves as an oxidizing gas, is introduced into the apparatus through a central passage tor introducing a gas. 
TEOS 2, which serves as a component tor a thin film, along with He, which serves as a carrier gas. is introduced into 
the apparatus through another passage annuiariy surrounding the central passage. TEOS 2 is combined with photo- 
electrons 1 1 to ionize thereof, and then the ionized TEOS ions 3 are mixed with ozone 4 to oxidize thereof, thereby pro- 

so ducing an oligomer 1 4 of TEOS. An electric field moves the oligomer 1 4 to a wafer 6. thereby electrostatically depositing 
the oligomer thereon. The electric field is formed by applying a voltage between a positive electrode 52, which is dis- 
posed under the wafer, and a negative electrode 51 , which is disposed in an upper portion of the reaction chamber 21 . 
The oligomer 14 is further oxidized on a surface of the wafer 6 to form an Si0 2 film. Numeral 7 refers to a kiln, and other 
numerals refer to the same elements as shown in Fig. 1. 

55 [0032] Fig. 3 shows another embodiment of a CVD apparatus in accordance with the present invention. Ozone 4 is 
introduced into the apparatus through a central passage tor introducing a gas, and TEOS 2 is introduced into the appa- 
ratus through a passage annuiariy surrounding the central passage. TEOS 2 is combined with photoelectrons 1 1 to ion- 
ize thereof, and, simultaneously oxidized to produce an oligomer 14 of TEOS. In this case, oxidation by the ozone may 
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tt^Hl i *j°* Bam * TC0 & ^ernativeJy. ozone 4 may be combined with photoelectrons 1 1 to procfuce ozone 
ions, and then the ozone ions may oxidize the TEOS. 

'SSJl ™ IT^o * a CVD ****** * accordance with the present invention. In Rg. 4. a 

s J , ,"^ ane T' y ^ ^ ""^ ray °» 184 nm " °< which produces 

s ozone, and an ulrtravwlet ray of 254 nm. the wavelength of which produces photoelectrons A ohotoelectron emin^ 
has a titer having , a xy«ndricah configuration and cutting an uHravioi. ray ^^Z^^T^Z 
^Z^^t. ^ m " °* ^ ^ 184 nmv^ch is harmful to sZtocZTZ^ 

oTa? S„?Ti Z"l ,T B ^ °* time - thBrefafe ' <^ utmvlolet ray of 254 nm is inadSrt 
onto Au. An oxygen e .ntroduced .nto the apparatus thr<xigha<^passageforintroducinaagas When the oxvoen 

I! If ^ .ftT 106 W 8 ™'" 8 throu S" a passage annularly surrounding the central passage. Upon irradiatino 
theultravroiet ray of 254 nm fram the lamp to the photoelectron emitter 8. photoelectrons em^ ^ XprS 
el^or* comhne wrth TEOS 2 to produce TEOS ions 3. Subsequently, the TEOS ions 3 are mixe^wTozonJTto 

[0034] Rfl-56howsano1heren*odirTiertofaCvT>apparaf« andthisauoa- 

Sl^H? Z 1 'V**** H ° m ^^actrons 1 1 produced in the passage are con> 

^.S^^f^r^^" 9 i0nS ^ tons 3 move to the wafer 6 in an electric £ 

and elecfrostetically deposrt onto the wafer 6. An SiC^ film is produced by epitaxial growth on a surface of the waferV 
JL?^ ^Pf 888 " 88 * ^"P 8 ^ 8 ^ respectivefv 
[0035] Rg. 6 shows another embodiment of a CVD apparatus in accordance with the present inventionTndThis La- 
ratus enables to form an insulating film (highly dielectric-film) on a wafer 6. A component 2 for a thin film is a LXl 

EE LESSTS^*!??!* 1,16 miXtUfe 088 be00meS 8 viSC0U6 ,tow in a P res6ure °* W" to «^es of 
k f* ?ffu * amber 21, rt 18 necessar y to form a gas flow of uniform concentrations and velocities A 
shower head 1 8 hav,ng a thin plate perforated with a plurality of apertures is provided for accelerating a uniform rniLe 
and forming a uniform gas flow toward the wafer 6. A photoelecfron emmer (Au) 8 is deposited orJalow?^ 

hln^^T??n? 18 ,rra f' a,e i on, ° 1,16 ' ihn a quartz plate 19. A positive electrode 52 is disposed 

between a wpport 3 for a wafer and a heater (Win) 7, and a negative electrode is disposed at the Au film 8 £the 

ss a 8 T ^ * me 6h0Wef h6ad 18 ' "*** «WOses to »,e wafers, isdisposed another negative 

a^^ mn lTT te ^ iC / ie,d fer ™* pf0dUCed * nation of me ingrSent gas into the 
and deposit thereonto is formed by electrodes 51 . 52. wo ™o 

[0036] In the apparatus of Fig. 6. the ingredient gas 2 is mixed with the oxidizing gas 4 in the mixing chamber 7 to 
oxxfize the ungredien. gas. and the mixture is further uniformly mixed in the sl^ 

Photoelectrons ,1 rnovetoUJeSe 
52 and combine with the reacted gas to ionize thereof. The ionized reacted gas deposit onto the wafer 6 The showr 
headl^lceepsaun^f.ow^ 

overaJIflowsothatthecornponentta^ «meo.recoon.ntne 
£037] Rg. 7 shows another embodiment of an CVD apparatus in accordance with the present invention. In Rg 7 

I^r^ a ? C !T nen, ?L a,, ! n,i,m a,0n ° m Heservin9 388 ^oas is introduced into an inlet of the 
^LT^TJ, ,„\ an,8m J 1 fer CharBi " 9 partdes is P ,ovicted in 8 P^Sa- ^a mechanism A includes a dis- 
c^e electrode paving a needle configuration and an opposing electrode 40. A negative corona voltage is applied 
to the discharge electrode 30 to produce corona discharge, thereby forming an eleclric field between to electees 
"Z°!Z ST" 8 and ele f 0de8 1 1 8,8 form8d around * 8 3°. 8 «« 8 shower of the neg^nseS 
222!2f*^52 e,e f trode40 ' "***a«v* asapositiveele<*ode. is formed. These native r sa ^ 
electrodes combine with TEOS molecules to produce TEOS tons 3. 

POM] TEOS ions 3 intersect a flow of ozone 4. which is introduced from another inlet, in the reaction chamber 21 
2 h« TCnc" 8 0Ja * 2ed 5f *• f" 6 4 to P^" 08 an oOgomer or a gaseous intermediate of TEOS. The oligomer 
14 has TCOS ions as nude, and thus has electric charges. Electrodes 51 . 52. which have plate like configurations are 
SmS I 3 " UPP ^°" anda ,0wer P° rt0 " rt re8 «*on ^n*er 21 to form an electric field TZZZ 
StUS as ^V 3 f 8 ^ ra ^ 8 ^ 8r 6are disposed on the p<»itiveel^ 
r^nT ,^1 ^ ^ e 6 M ahc^ arrows, and electrostatically deposit onto the surface thereo? 
[0039] Subsequently, the oligomer is further oxidized by the ozone at the surface of the wafer to form an Si0 2 film 
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[0040] Numerate 71 and 72 refer to Wins for accelerating a reaction of TEOS with ozone in the reaction chamber. After 
cortrfouting to thereat 

[0041] tons for ionizing components for a thin film may be positive ions. In this case, a positive voltage is applied onto 
the discharge electrode 30. An amount of positive ions thus produced is larger than an amount of negative ions, and 

5 this is effective for ionization. However, in general, negative ions have larger degree of mobility than positive ions, and 
this is effective for ionization. In view of the foregoing, generally, to produce negative ions is preferable. The corona dis- 
charge applied by negative voltage tends to produce ozone. Therefore, to apply the negative voltage is preferable when 
the component for a thin film is reacted with ozona When the ozone is preferably absent the positive voltage may be 
applied. To select positive ions or negative ions as ions to produce depends on types of substances to be ionized. 

10 [0042] When negative ions are produced to charge the component for a thin film with negative charges, positive volt- 
age is applied to collecting electrode 52. On the other hand, when positive tons are produced, negative voltage is 
applied to collecting electrode 52. 

[0043] In Fig. 7. the discharge electrode 30 has needle like configurations, and the opposing electrode 40 has plate 
like configurations. However, these may have grid like, linear like, sphere like, corrugated, pleated, or comb-like config- 

1$ urations. In general, an applied voltage for producing the corona discharge ranges from 1 to 80 kV. 

[0044] Fig. 8 shows another embodiment of an CVD apparatus in accordance with the present invention. Ozone 4, 
which serves as an oxidizing gas. is introduced into the apparatus through a central passage. TEOS 2 serving as a 
component for a thin fim along with He serving as a carrier gas is introduced into the CVD apparatus through another 
passage annularly surrounding the central passage. TEOS 2 are combined with ions 11 to ionize thereof, and the lon- 

20 ized TEOS ions 3 are mixed with ozone 4 to produce an oligomer 1 4 of TEOS. 

[0045] F»g. 9 shows another embodiment of an CVD apparatus in accordance with the present invention. Ozone 4 is 
introduced into the apparatus through a central passage. TEOS 2 is introduced into the CVD apparatus through another 
passage annularly surrounding the central passage. TEOS 2 are combined with ions 1 1 to produce TEOS ions 3 while 
oxidation by ozone proceeds, thereby producing an oligomer 1 4 of TEOS. In this case, the oxidation by ozone may pre- 

25 cede to the ionization by TEOS. Alternatively, ozone 4 may be combined with ions 1 1 to produce ozone ions, and sub- 
sequently, the ozone ions may oxidize TEOS. 

[0046] Fig. 10 shows another embodiment of an CVD apparatus in accordance with the present invention. Ozone 4 
is introduced into the apparatus through a central passaga TEOS 2 is introduced into the CVD apparatus through 
another passage annularly surrounding the central passage. TEOS 2 are combined with ions 1 1 to produce TEOS ions, 
30 and subsequently, the TEOS ions 3 thus ionized are mixed with ozone 4 to oxidize, thereby producing an oligomer 4 of 
TEOS. 

[0047] In apparatuses of Figs. 7 to 10, instead of introducing the component for a thin film (in this case, TEOS) into 
passages where the discharge electrode 30 is disposed (the upper passage in Fig. 7 and the outer, annular passages 
in Figs 8 to 10), ozone may be introduced into the passages, and the component for a thin film may be introduced into 
35 the other passage where the discharge electrode is absent (the lower passage in Rg. 7 and the central passages in 
Figs 8 to 10), In this case, the ozone is combined with ions 1 1 to produce ozone ions. The ozone ions are mixed with a 
flow of TEOS in the reaction chamber 21. At this time, TEOS is oxidized and ionized by the ozone ions to produce an 
oligomer 14 of TEOS. The oligomer 1 4 is electrostatically deposit onto a surface of the wafer. 
[0048] In addition to ionize the ingredient component by ions produced by photoelectrons and electric discharge, ion- 
40 ization by radiation such as an alpha ray and a beta ray is possible, and the scope of the present invention includes such 
ionization However, it is difficult to operate the radiation, and may be practically limited. To conduct electric discharge, 
in addition to the corona discharge, glow discharge, arc discharge, spark discharge, surface discharge, pulse dis- 
charge, high frequency discharge, laser discharge, trigger discharge, plasma discharge and so on may be adopted. In 
view of convenience, operatability and effect, the corona discharge is preferable among these. Surface discharge and 
pulse discharge provide increased ion concentrations and allows to make the apparatus smaller, and therefore they are 
preferable. 

[0049] The aforementioned embodiments use TEOS and SiH 4 as components for a thin film. However, the method in 
accordance with the present invent' on may apply to the other components for a thin film. Ingredient components are 
illustrated as follows. Ingredient components for producing a semiconductor thin film includes SiH 4 , Si 2 H6, Sir^O* 
SiH^CL (wherein x is 0. 2, 3 or 4), SiCI 4 , SiHCIg. Ingredient components for producing a metallic film includes WF 6 , a 
mixture of WF 6 and SiH* a mixture of WF 6 and SiHgCfe. CrfCgHaCHfCHay. a mixture of WF 4 and GeH 4 . AI(C 4 H 9 ) 3 . 
(CoHsteRu, and ^yO^lr. Ingredient components for producing an insulating thin film includes SiH* SiHgCfe, 
SifOCoHs)! SKCH3O)* [(CH3) 2 SiO-] 4 . which is referred to as OMCTS, a mixture of SiH 4 and PH 3 , a mixture of 
Si(OC 2 H5) 4 'and POtOCHafe. a mixture of SiH 4 and B2H5, Ba(DPM) 2 , Sr(DPM)2, Tifi-OCgHy)* Pb(DPM) 2 . Zr(DPM) 4 , 
TiO(DPM) 2 . BKCeHgh, TatO-n-CsHi 1)5- A type of a reactive gas. which is introduced into the reaction chamber along 
with these ingredient components, and a temperature in the reaction chamber and so on are appropriately selected to 
adjust a composition and characteristics of the thin film to be produced. 

[0050] Examples of the present invention is described as follows. However, the present invention is not limited by 
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Examples. 
Examples 
5 Example 1 



10 



K f^,!L^ 35 *»" in R * 2 ' ™ ^ a component tor a thin film 

is used to produce an SiOg film onto a wafer in following conditions. At the same time, a rate of producing the film 
de^ng on an applied voltage between the electrode 51 and the electrode 52 in the reaction chamber is determined 
The applied voltage is a voltage for forming an electric field. 



volume of the apparatus: 

supp>y amount of a mixture of TEOS and He(carrier 



20 



25 



30 



35 



40 



TEOS concentration: 

supply amount of a mixture of ozone and oxygen (carrier 
9as): 

ozone concentration: 
temperature of kiln: 

electrode material for producing a thin film or for electro- 
static deposition: 

applied voltage for producing a thin film: 
photoelectron emitter: 
ultraviolet lamp: 

electrode material for emitting photoelectrons: 
electric field for emitting photoelectrons: 
diameter of a wafer: 

method for determining a rate of producing a thin film: 
method for determining a composition of a thin film: 



about 5 liter; 
400 ml per minute; 

1.0 x10" 5 mol per liter; 
600 ml per minute; 

1.5 X10* 4 mol per liter; 
300°C; 

SUS in grid like configurations; 
OtoSkV; 

Au coated onto quartz glass; 
mercury lamp (254 nm); 
Au plated onto SUS; 
150 V per cm; 
5 inch; 

film thickness determined by eilipsometer and time for 
producing a thin film; and 

FT-IR; 



45 



Result 

J 0052 ' F S' 1 1 8l ™ 8 corre,ation between aPPlied voltage of electrodes for producing a thin f flm and a rate of produc- 

^Tcnc"! ' ^ Xh l^ 9e lnCreaS6S ' the rate * producin 9 a Wn film incr «as«. The result confirms that ionization 
or Ttos forms the thin film. 

W053J Thin films produced where applied voltages are 1 kV, 2kV and 5 kV, are analyzed by FT-IR tor structures 
thereof and none of the films contain a compound having an ethoxy radical or a hydroxy radical, and the films are high 
quality free of impurities. Topology of the thin films are observed by SEM, surfaces are planar. 

so Example 2 

[0M4! Using an ambient-pressure CVD apparatus as shown in Fig. 2. an SiOz film is produced onto a wafer with 
TEOSserving as a component for a thin film in following conditions. At the same time, a rate of producing the film 
o^endingonanappliedvorlagebetweentheelectrodesi and the electrode 52 in the reaction chamber is determined 
ss The applied voltage is a voltage for faming an electric field. 

I0C65J Theexperimertwasconducted in the sanw conditions as Example 1 except that, instead of the photoelectron 
emitter in Example 1 . the discharge electrode having needle like configurations and the opposing electrode having plate 
like configurations were used to produce negative tons and that corona vottage was applied to the discharge electrode 
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to form an electric field of 2.5 kV per centimeter between the electrodes. 

Result 

5 [0056] Rg. 1 2 snows correlation between applied voltage of electrodes tor producing a thin film and a rate of produc- 
ing a thin fflm. As the voltage increases, the rate of producing a thin film increases. The result confirms that ionization 
of TEOS forms the thin film. 

[0057] Results of analyzing the thin films by FT- IR for structures thereof and results of observing the thin films by SEM 
are the same as those of fig. 1 , confirming that the films are high quality. 

10 

Claims 

1 . A method for producing a thin film, which comprises the steps of: 

is introducing a reactive gas into a reaction chamber wherein a substrate is supported in the reaction chamber; 

combining charged particles with a component of the reactive gas for ionizing the component; and 
electrostatically depositing the ionized component onto the substrate in an electric field. 

2. A method of daim 1 wherein the charged particles are photoelectrons. 

20 

3. A method of claim 1 wherein the charged particles are ions. 

4. A method of claim 3 wherein the charged particles are positive or negative ions produced by electric discharge. 

25 5. A method of claim 4 wherein the electric discharge is one of corona discharge, surface Discharge and pulse dis- 
charge. 

6. A method of claim 1 wherein the reactive gas comprises: an ingredient gas containing a component for a thin film; 
and an oxidizing gas, and wherein the component for a thin film is ionized and awcfized. and then the ionized and 

30 oxidized component for a thin film is electrostatically deposited onto the substrate in the electric field. 

7. A method of claim 6 wherein the component for a thin f Bm is ionized, and then the ingredient gas is mixed with the 
oxidizing gas to oxidize the component for a thin film. 

as 8. A method of claim 6 wherein the ingredient gas is mixed with the oxidizing gas to oxidize the component for a thin 
fflm, and then the component for a thin film is ionized. 

9. A method of claim 1 wherein the reactive gas comprises: an ingredient gas containing a component for a thin film; 
and a reactive gas, and wherein the oxidizing gas is ionized, and then the component fa a thin film is oxidized by 

40 the oxidizing gas. and then the ionized and oxidized component for a thin film is electrostatically collected on the 
substrate in the electric field. 

10. An apparatus for chemical vapor deposition comprising: 

45 a reaction chamber including a support for a substrate; 

means for introducing a reactive gas into the reaction chamber; 

means for discharging the reactive gas that passes through the reaction chamber; 

ionizing means for ionizing a component constituting the reactive gas; and 

means for forming an electric field in the reaction chamber so that the ionized component for a thin film is elec- 
50 trostatically deposited onto the substrate. 

11. An apparatus of daim 10 wherein the ionizing means is means for produdng photoelectrons. 

12. An apparatus of claim 1 1 wherein said means for produdng photoelectrons comprises: 

55 

a source for an ultraviolet ray; 

a photoelectron emitter upon irradiation of an ultraviolet ray; and 

an electrode for forming an electric field for accelerating emitted photoelectrons; 
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^T 6 ^ ,ield iS f0rmed by apptying 8 P 08 "^ ***** to th8 ^ apP'y'nO * negative volt- 

age to the photoelectron emitter; and * 

wherein the photoelectron emitter and the electrode are disposed such that the emitted photoelectrons inter- 
sect or go along a flow of the reactive gas. w 

13. An apparatus of claim 10 wherein the ionizing means is means tor producing ions by electric discharge. 

14 * distfa^gT" 8 * ^ 13 Wherein ** tfiSCharge fe one °* corona disctw B e - surface discharge and pulse 

15. An apparatus of claim 15 wherein said means tor producing ions comprises: 

a discharge electrode; and 
an opposite electrode: 

wherein the discharge electrode and the opposite electrode form an electric field tor accelerating ions oro- 
duced m a neighborhood of the discharge electrode; and 

wherein the discharge electrode and the opposite electrode are disposed such that ions intersect or go along 
a tiow or the reactive gas. ™ 

16. An apparatus of cteim 10 wherein said ionizing means is provided in a passage for introducing the reactive gas into 
tne reaction chamber. 

1 ? ' A "^f ra ' us of j claim 10 "H** means for forming an electric field in the reaction chamber comprises a first 
decode being disposed under the substrate in the reaction chamber and being parallel to the substrate- a second 
electrode being disposed over the substrate and an upper portion of the reaction chamber. ' 

18. An apparatus of claim 10 wherein the reactive gas comprises an ingredient gas containing a component for a thin 
mm; and an oxidizing gas. 

Amended claims under Art 19.1 PCT 

1 . A method for forming a thin film, which comprises the steps of : 

irtroducing a reactive gas containing an ingredient gas into a reaction chamber wherein a substrate is sup- 
ported in the reaction chamber; ^ 
ionizing the ingredient gas by ions or electrons produced by photoelectrons or electric discharge- 
moving the ionized ingredient gas by an electric field in a direction of the substrate; and 
chemically depositing the ionized ingredient gas onto the substrate. 

IlJcV^S Claim 1 Whefein ^ i ° niZin9 compriMS * irradiatin 9 an ultravi0,et rav onto the photo- 
ch^rjT^ * daim 1 Wh6rein eleCtriC discharse is 006 01 CO 1 ™* ^charge, surface discharge and pulse dis- 

4. A method of claim 1 wherein the reactive gas further comprises an oxidizing gas. 

5. A method of claim 4 wherein, prior to the introducing step, the ingredient gas is mixed with the oxidizing gas. 

Lt^^™ 8 ***• " m »'"—'•» — 

7. An apparatus for chemical vapor deposition comprising: 

a reaction chamber including a support for a substrate; 

introducing means for introducing a reactive gas into the reaction chamber; 

producing means tor producing photoelectrons, said producing means comprising a photoelectron emitter- 
forming means for forming an electric filed in the reaction chamber in a direction to the support for a substrate- 
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and 

discharging means for discharging the reactive gas to outside. 

8. An apparatus for chemical vapor deposition of daim 7 wherein the producing means further comprises a source 
for an ultraviolet ray and the photoelectron emitter is capable of producing photoelectron upon irradiation of an 
ultraviolet ray. 

9. An apparatus for chemical vapor deposition of claim 8 wherein the producing means further comprises a first 
electrode for forming an electric field tor accelerating photoelectrons. 

10. An jpparatus for chemical vapor deposition of claim 8 wherein the introducing means comprises a passage, 
and the photoelectron emitter is disposed in the passage. 

11 . An apparatus for chemical vapor deposition of claim 8 wherein the forming means comprises a pair of second 
electrodes, and the support for a substrate is disposed between the pair of the second electrodes. 

12. An apparatus for chemical vapor deposition comprising: 

a reaction chamber including a support for a substrate; 

introducing means for introducing a reactive gas into the reaction chamber; 

means for electric discharge; 

means for forming an electric filed in the reaction chamber in a direction to the support for a substrate; and 
an outlet for discharging the reactive gas to outside. 

13. An apparatus for chemical vapor deposition of claim 12 wherein the means for electric discharge is capable of 
carrying out one of corona discharge, surface discharge and pulse discharge. 

14. An apparatus for chemical vapor deposition of claim 12 wherein the means for electric discharge comprises: 

a discharge electrode; and 
an opposite electrode; 

wherein the discharge electrode and the opposite electrode form an electric field for accelerating ions or elec- 
trons produced in a neighborhood of the discharge electrode. 

15. An apparatus for chemical vapor deposition of claim 12 wherein the introducing means comprises a passage, 
and the cfischarge electrode and the opposite electrode are disposed in the passage. 

16. An apparatus for chemical vapor deposition of claim 12 wherein the forming means comprises a pair of second 
electrodes, and the support for a substrate is disposed between the pair of the second electrodes. 
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Fig.l 
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Fig. 4 
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Fig. 5 
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Fig. 7 
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Fig. 9 
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Fig. 13 
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